Spin liquid ground states are predicted to arise within several distinct scenarios in condensed matter physics. The observation of these disordered magnetic states is particularly pervasive amongst a class of materials known as frustrated magnets, in which the competition between various magnetic exchange interactions prevents the system from adopting long-range magnetic order at low temperatures. Spin liquids continue to be of great interest due to their exotic nature and the possibility that they may support fractionalised excitations, such as Majorana fermions. Systems that allow for such phenomena are not only fascinating from a fundamental perspective but may also be practically significant in future technologies based on quantum computation. Here we show that the underlying antiferromagnetic sublattice in TbInO3 undergoes a crystal field induced triangular-to-honeycomb dilution at low temperatures. The absence of a conventional magnetic ordering transition at the lowest measurable temperatures indicates that another critical mechanism must govern in the ground state selection of TbInO3. We propose that anisotropic exchange interactions -mediated through strong spin-orbit coupling on the emergent honeycomb lattice of TbInO3 -give rise to a highly frustrated spin liquid.
2 neighbour antiferromagnetic interactions. 5 However, anisotropic, bond-dependent Kitaev interactions 6 can result in either gapped or gapless spin liquid ground states on the honeycomb lattice. 7 Related states of matter are attracting a wealth of attention in Seff = ½ honeycomb magnets in 4d and 5d transition metal systems, such as the ruthenate α-RuCl3 [8] [9] [10] [11] [12] [13] and the A2IrO3 (A = Li + , Na + ) iridates. [14] [15] [16] [17] [18] [19] In three dimensions, a classical spin liquid state, known as spin ice, arises for ferromagnetically coupled moments with local
Ising anisotropy on the pyrochlore lattice, a three-dimensional network of corner-sharing tetrahedra. 20 The low-lying elementary excitations of spin ice can be considered as diffusive magnetic monopoles. 21 Spin liquid states have been predicted in a quantum analogue of spin ice, known as quantum spin ice, 22 with emergent quantum electrodynamics and magnetic and electric monopoles, as well as gauge photons, as the relevant elementary excitations. It has been proposed that quantum spin ice ground states may arise in certain rare-earth pyrochlores, such as Yb2Ti2O7, 23 Tb2Ti2O7 22 and Pr2Sn2O7, 24 where strong spinorbit coupling associated with the rare-earth ions results in an anisotropic exchange between the moments. This combination of strong spin-orbit coupling, anisotropic exchange and the underlying pyrochlore structure that these materials possess gives rise to a spin liquid state. Anisotropic exchange interactions between rare-earth ions are also thought to play a crucial role in the stabilisation of a spin liquid ground state in the triangular antiferromagnet, YbMgGaO4. 25, 26 Here, we present comprehensive high-resolution neutron diffraction, magnetic susceptibility, muon spin relaxation (μSR) and inelastic neutron scattering data for both polycrystalline and small single crystal samples of the layered hexagonal antiferromagnet, TbInO3. Its structure, shown in Fig. 1a consists of two-dimensional triangular layers of Tb 3+ ions separated by non-magnetic layers of corner-sharing [InO5] 7-polyhedra. The triangular layers of Tb 3+ ions are distorted, with two inequivalent Tb 3+ sites. Fig. 1b shows the Rietveld refinement of the hexagonal P63cm structural model against the high-resolution powder neutron diffraction data of TbInO3 collected at 300 K on the HRPD instrument at the ISIS Facility. The P63cm structural model is appropriate to describe the data over the measured temperature range 0.46 -300 K with a gradual and isotropic increase of the hexagonal lattice constants observed with temperature, see supporting information (SI). The inset to Fig. 1b shows the difference curve for the data collected on the low-angle detector bank upon cooling, where any magnetic scattering will be dominant. This difference curve demonstrates the lack of magnetic Bragg scattering from the sample, which indicates the absence of long-range magnetic order in TbInO3 to at least 0.46 K. K, which corresponds to an effective magnetic moment of 9.67(1) μB per Tb 3+ ion. The inverse susceptibility data are almost linear in temperature over the entire measured temperature range, but begin to deviate from linearity below T* ~ 7.5 K. Fig. 1d shows that below 1 K, a second, low-temperature Curie-Weiss regime develops within the susceptibility of the polycrystalline sample. Applying a linear fit to the data in this region reveals that the correlations at low-temperature are still weakly antiferromagnetic, θCW = -1.17(3) K, and that there is a significantly reduced effective magnetic moment of 3.56(6) μB per Tb ion. The susceptibility data measured on a small single crystal of TbInO3 reveal the XY-like nature of the Tb 3+ ion moments, with a substantially larger susceptibility observed in the ab-plane (χab) than along the c-axis (χc). The temperature dependence of this spin anisotropy is shown in Fig. 1e , while the inset to Fig. 1e shows χc below 100 K, with its rapid growth below T* ~ 7.5 K indicated. We note that while the overall magnetic anisotropy of the system is XY-like at all measured temperatures, it 3 becomes drastically less so at temperatures below T*, where χab/χc quickly decreases. Importantly, the magnetic susceptibility data for both polycrystalline and single crystal samples show no evidence of a magnetic ordering transition down to at least 0.45 K. Furthermore, there is no splitting of the zero-field-cooled and field-cooled susceptibilities, which rules out the presence of a glassy spin freezing transition. 27 The main panel of Fig. 2a shows the muon decay asymmetry measured in polycrystalline TbInO3 on the MuSR spectrometer at the ISIS Facility in a zero field. The time dependence of the muon decay asymmetry was successfully modelled at all temperatures according to:
Here, the first term reflects the contribution of the muons that stop within the sample and the second of those that stop within the sample holder. Fig. 2b shows the temperature dependence of the sample relaxation rate, λ, that was obtained from fitting the data collected on both MuSR and EMu spectrometers.
Several important observations can be drawn from the data presented in Fig. 2 . First, it is clear that there is no transition to long-range magnetic order in TbInO3 upon cooling. Under favourable conditions, such a transition would be manifest by an oscillating component in the zero-field muon decay asymmetry, with a frequency reflective of the magnitude of the internally ordered moment. 29 The absence of any such oscillatory features in the μSR data is, therefore, in good agreement with the neutron diffraction and magnetic susceptibility data discussed above. However, a magnetic ordering transition is not always indicated by oscillations in the zero longitudinal field signal but can be manifest in changes in the form of the asymmetry lineshape. This is not observed in Fig. 2a either since the μSR data at all temperatures are well described by (1) .
Furthermore, it is evident that the spins associated with the Tb 3+ ions in TbInO3 remain in a dynamically fluctuating state to very low temperatures, at least 0.1 K, and several experimental signatures point to this conclusion. For instance, the zero-field muon decay asymmetry data relax to the same baseline value at all temperatures. This is significant: if the system were to undergo a spin freezing transition at low temperatures, one would expect to observe a one-third tail in the baseline asymmetry below the transition due to the presence of disordered, static, local fields at the muon stopping site. 30 Also, the longitudinal field dependence of the μSR spectra at the very lowest temperatures of our experiment, shown in the inset to should observe a significant decoupling of the muon spin relaxation upon the application of a magnetic field approximately one order of magnitude larger than the internal field itself. 28 However, the relaxation of the muon decay asymmetry in TbInO3 at this temperature is barely decoupled even by the maximum available field of 0.4 T. The ability to successfully model the muon decay asymmetry with a simple exponential relaxation at all temperatures once again points to a state of dynamically fluctuating spins, rather than a glassy, frozen state for which a stretched exponential model is often found to be more appropriate. 31 Moreover, the temperature dependence of the relaxation rate, λ, as shown in Fig. 2b saturates at low temperatures -a characteristic frequently associated with spin liquid behaviour 31 -rather than displaying a sharp peak, as would be the case for a spin freezing transition. 32 It is possible to parameterise the temperature dependence of the relaxation rate at lower temperatures using the expression:
where A is a constant and T* = 8(1) K sets an important energy scale for the system, at which it enters its low-temperature, plateaued state. Such an expression has previously been used to describe systems with a thermally activated spin gap, for which T* gives the value of the gap. 33 Fig . 3 shows the time-of-flight neutron scattering spectra collected for polycrystalline TbInO3 on the SEQUOIA spectrometer at the Spallation Neutron Source, Oak Ridge National Laboratory, with an incident neutron energy Ei = 11 meV and measured over a temperature range that spans the Weiss constant for the system. To isolate the scattering signal from the sample, the background contribution of the empty aluminium sample can measured at 1.9 K has been subtracted from the data. The neutron scattering spectrum of TbInO3 contains several essential features. First, a broad peak centred on Q ~ 1.1 Å -1 appears in the elastic channel. As can be seen upon inspection of the data in Fig. 3 , this particular feature broadens in Q and fades in intensity above T ~ 15 K. The strong temperature dependence of this feature and its correlation with the Weiss temperature of TbInO3 indicates its magnetic origin. Second, the broad, low-energy, inelastic scattering features up to ~ 2 meV are relatively dispersionless and can be attributed to scattering from low-lying crystalline electric field (CEF) excitations of the Tb 3+ ions in
TbInO3. The weak Q-dependence of the dispersion of the ~ 2 meV excitation at low temperatures indicates that exchange coupling between the Tb 3+ ions is influencing these low-energy CEF excitations, in much the same way as occurs in the pyrochlore antiferromagnet Tb2Ti2O7.
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To gain quantitative insight into the origin and nature of the broad peak centred on
, individual cuts of the data across the elastic and low-energy inelastic channels were taken at various temperatures, as shown in Fig. 4a and 4b, respectively. Again, the marked increase in the intensity of this feature below T ~ |θCW| suggests that it is magnetic in origin and the absence of any scattering centred at Q = 0 Å -1 confirms that the spin correlations in TbInO3 are antiferromagnetic. The broad, diffuse character of this peak in Q also indicates that the antiferromagnetic correlations that give rise to it are shortranged, reflecting the same absence of long-range magnetic order observed in all of our measurements at low temperatures.
Furthermore, the asymmetric shape of the diffuse scattering is highly reminiscent of the Warren line-shape function 35 that characterises short-range correlations within a two-dimensional plane (see SI), and the fit of this function to the diffuse scattering data is shown in Figs. 4a,b.
It is particularly interesting to observe the temperature evolution of the two-dimensional spin-spin correlation lengths, ξ, extracted from the Warren line-shape fitting as is shown in Fig. 4c . The growth of the magnetic diffuse scattering peak indicates that elastic magnetic correlations develop strongly below T ~ |θCW|, more than tripling between 30 K and the base temperature of 1.7 K, where ξ ~ 15 Å. Elastic correlations display upwards curvature at all temperatures. In contrast, the inelastic twodimensional spin correlations grow more gradually, by less than a factor of two over the same temperature range, and these peak near T* ~ 7.5 K.
We now turn our attention to the broad, relatively dispersionless, inelastic features that arise due to scattering from the CEF excitations of the Tb 3+ ions in TbInO3, which can be seen in Fig. 3 at and below E ~ 3.5 meV. Data collected with an incident energy Ei = 60 meV on the SEQUOIA spectrometer reveal that there are at least two additional CEF transitions at 16 and 23 meV and our measurements at Ei = 120 meV confirmed that there are no further CEF levels above 30 meV (see SI). The electronic configuration of Tb 3+ is 4f 8 which, according to Hund's rules, has a total ground state angular momentum of J = 6 with a 2J + 1 = 13-fold degeneracy. The CEF of the neighbouring oxide ions at each of the Tb 3+ ion sites, which possess different local symmetries, may lift the degeneracy of each Tb 3+ ion site distinctly. This -coupled with the fact that Tb 3+ is a non-Kramers ion, such that its degeneracy may be totally lifted through its interaction with the surrounding CEF -means that unravelling the CEF spectrum for TbInO3 is not a trivial task.
Our best determination for the set of energy eigenvalues and their corresponding degeneracies (see SI for full details) are given in It should be stressed that despite the high quality of the fit to the experimental data (see SI), this particular solution to the analysis of the CEF spectrum is not unique. However, the magnetic susceptibility, μSR and magnetic diffuse scattering data all actively support the argument that T* ~ Δ is a relevant energy scale within the system that signifies the onset of a new magnetic regime. T* marks the point of deviation from the high-temperature Curie-Weiss behaviour in the magnetic susceptibility and the onset of a pronounced Ising-like susceptibility, the beginning of the plateau in the muon spin relaxation rate and the peak in the temperature dependence of the inelastic spin-spin correlation length. It is highly probable that the presence of the gap in the CEF spectrum of the Tb1 site at Δ ~ 7.5 K lies at the heart of all of these experimental features that occur on the same energy
scale.
An intriguing consequence of this CEF analysis is that below the gap, the Tb 3+ ions at the Tb1 site are in their singlet ground state, and so, are non-magnetic. This dilutes the distorted triangular magnetic sublattice within TbInO3 such that it transforms into an undistorted, two-dimensional honeycomb lattice composed of non-Kramers doublet Tb 3+ ions at the Tb2 site, as shown in Fig. 5 . The shaded circle in the left panel of Fig. 5 indicates the extent of static two-dimensional spin correlations in TbInO3 at T = 1.7 K, ξ ~ 15 Å, superposed on the resulting Tb2 honeycomb sublattice. It has been shown that for a two-dimensional magnetic system, there is no conventional ordering transition since thermal fluctuations destroy the tendency towards longrange magnetic order. 38 In practise, however, most experimental realisations of two-dimensional magnets on a honeycomb lattice, such as those based on layered structures of edge-sharing Ni 2+ octahedra e.g. Ba2Ni2P2O8, Ba2Ni2As2O8 and Ba2Ni2V2O8, 39,40 undergo a transition to conventionally ordered Néel states at low temperatures due to a small but finite interlayer coupling that raises the dimensionality of the magnetic sublattice. However, despite the fact that the interlayer separation between the honeycomb layers is far less pronounced in TbInO3 than in the honeycomb nickelates, and that the simple stacking of the terbium-based honeycomb layers in the hexagonal TbInO3 structure should not induce any frustration in the interlayer coupling, no long-range order prevails to at least 0.1 K. This absence of static, long-range magnetic order at energy scales well below that set by |θCW| implies that the true nature of the magnetic ground state of TbInO3 may be altogether far more exotic.
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Other honeycomb magnets, such as α-RuCl3 [8] [9] [10] [11] [12] [13] and A2IrO3 (A = Na + , Li + ) [14] [15] [16] [17] [18] [19] , have recently garnered much attention due to their potential to realise the Kitaev quantum spin liquid. Kitaev's exactly solvable model 41 of Seff = ½ species on a honeycomb lattice describes a system in which the interactions between nearest neighbour spins are highly anisotropic. This bond anisotropy leads to strong frustration on the honeycomb lattice, such that its ground state adopts a spin liquid state celebrated for harbouring the elusive Majorana fermion as gapless excitations. 7 Given that the bond-dependent exchange interactions in the widely explored Ru 3+ and Ir 4+ systems prevail as a direct consequence of strong spin-orbit coupling, searching beyond heavy 4d and 5d ion systems to even heavier rare-earth magnets will likely prove a fruitful approach to realising the Kitaev quantum spin liquid. 41 Moreover, the highly localised nature of rare-earth ions means that non-Kitaev interactions, such as direct exchange or further near-neighbour couplings, that drive the selection of an ordered ground state 7 in 4d and 5d transition metal systems will, in comparison, be minimal. Indeed, we know that anisotropic exchange interactions generated by strong spin-orbit coupling are relevant in other insulating rare-earth magnets, such as Yb2Ti2O7, 23 Er2Ti2O7 43 and Tb2Ti2O7. 44, 45, 46 The evidence presented here for a highly frustrated spin liquid-like state in TbInO3, with a frustration index f = |θCW|/TN of at least 170, suggests that anisotropic exchange interactions also operate within this system and induce a novel spin liquid akin to the Kitaev state.
In conclusion, we have presented high-resolution powder neutron diffraction, magnetic susceptibility, μSR and inelastic neutron scattering data for the layered hexagonal antiferromagnetic, TbInO3. We have confirmed that TbInO3 adopts the hexagonal TbInO3 suggests that the Tb 3+ ions located at the Tb1 site have a non-magnetic singlet ground state. The lack of long-range magnetic order between the antiferromagnetically-coupled Ising spins of Tb2 site ions on the ensuing honeycomb lattice is rather remarkable. However, we propose that strong spin-orbit coupling acts to generate anisotropy in the exchange interactions between the Tb 3+ ions of the Tb2 site. Such anisotropic exchange is known to be sufficient to create substantial spin frustration on the honeycomb lattice and, therefore, may promote the spin liquid state that is observed in TbInO3 at low temperatures. As such, this study provides a strong impetus to extend the search for Kitaev quantum states of matter beyond heavy transition metal systems. Ultimately, one would hope to resolve the microscopic spin Hamiltonian for TbInO3 to confirm the anisotropic nature of the exchange interactions between moments of the Tb 3+ ions, as has been achieved for certain rareearth pyrochlore systems from single crystal inelastic neutron scattering.
23

Methods
A polycrystalline sample of TbInO3 was prepared via a high-temperature ceramic method. 47 Stoichiometric amounts of Tb2O3 and In2O3 were ground and intimately mixed, pressed into a pellet and sealed into a platinum tube. The sample was gradually heated in a furnace with four dwell segments: 1200 ºC for 10 hours, 1300 ºC for 15 hours, 1350 ºC for 5 hours and 1400 ºC for absorption correction for the sample in the slab and cylindrical geometries has been applied to the high-and low-temperature data sets, respectively. Rietveld analysis of the diffraction data was performed using the GSAS software. However, as the sample was cooled, an increasing loss of initial asymmetry was detected. This effect is commonly observed in pulsed μSR measurements on systems containing large magnetic moments associated with rare-earth ions, such as Tb
3+
. 27 It can be attributed to the very fast depolarisation of muon spins caused by the large, fluctuating terbium moments, which cannot be resolved within the typical time frame of a μSR experiment at ISIS. A similar effect was observed in our EMu spectrometer data, with a full initial asymmetry of ~ 22.4 % recovered in the high-temperature, paramagnetic regime. To overcome this issue, the initial asymmetry was fixed at its full, high-temperature value for all subsequent fits to low-temperature data.
Inelastic neutron scattering data were collected on the SEQUOIA 50 meV. Again, each data set was collected for ~ 2 hours. Intermediate mode was selected for the Fermi chopper rotor, which provides the necessary energy resolution to distinguish the low-lying crystal field levels in the CEF spectrum for TbInO3.
Individual cuts of the data in scattering vector, Q, and energy, E, were taken using the DAVE software package.
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Data availability
The datasets generated and analysed during the current study are available from the corresponding authors on request. 
Structural Characterisation
As reported in the main manuscript, TbInO3 adopts the hexagonal LuMnO3-type structure at room temperature with space group symmetry P63cm. As such, the high-resolution powder neutron diffraction data collected on the HRPD instrument at the ISIS facility can be successfully modelled by this structural description over the range 0.46 -300 K. Lattice constants, atomic coordinates and isotropic thermal parameters were set to refine, in addition to the appropriate diffractometer constants, background and peak shape parameters. Table S1 summarises the results of the Rietveld refinement of the P63cm model to the data collected at 300 K and Fig. S1 shows the temperature evolution of the hexagonal lattice constants, a and c, over the measured range.
Warren Function Fitting of Magnetic Diffuse Neutron Scattering
Below T ~ |θCW|, a broad peak centred around Q ~ 1.1 Å -1 appears in the elastic and low-energy inelastic scattering data collected for TbInO3 on both the SEQUOIA and CNCS instruments at the Spallation Neutron Source, Oak Ridge National
Laboratory. As discussed in the main manuscript, the asymmetrical line-shape of this diffuse scattering peak indicates that the short-range correlations that give rise to it are two-dimensional. As such, an appropriate model to describe the Q-dependence 20 of magnetic diffuse scattering intensity is given by the Warren line-shape function, adapted to define short-range magnetic correlations within a two-dimensional plane:
where,
and, Here, ξ is the two-dimensional spin-spin correlation length, K is a scaling constant, m is the multiplicity of the reflection, Fhk is the two-dimensional structure factor for the spin array, λ is the neutron wavelength, Q0 is the centre of the peak and f(Q) is the magnetic form factor for Tb
3+
. The results of the fits of (1) to the Ei = 11 meV SEQUOIA elastic and inelastic diffuse scattering data at various temperatures are shown alongside the data in Fig. 4a and b, respectively, of the main manuscript, while the two dimensional spin-spin correlation lengths, ξ, are shown in Fig. 4c .
Modelling the Crystalline Electric Field Spectrum of TbInO3
The background corrected inelastic neutron scattering spectra (Fig. S2) show a band of scattering from the crystalline electric field (CEF) excitations of the Tb 3+ ions in TbInO3 below E ~ 4 meV, as well as least two additional CEF transitions at 16 and 23 meV. In order to model the CEF spectrum at both Tb 3+ (4f 8 J = 6) ions sites in TbInO3 and to fit the inelastic neutron scattering spectra of TbInO3, an initial set of CEF parameters 2 were calculated using the point charge approximation for the two Tb 3+ sites and refined against the data until the difference between the calculated and observed S(Q, ħω) reached a minimum.
The calculated and fitted values for the CEF parameters of Tb 3+ at 1.7 K at the Tb1 and Tb2 sites are given in Table S2 . Upon inspection of the imaginary CEF parameters for the Tb2 site in Table S2 , one can observe that their contribution to the CEF Hamiltonian is minimal given that they are two orders of magnitude smaller than the corresponding real parameters. They have, therefore, been neglected from all subsequent calculations and it has been assumed that both Tb1 and Tb2 sites have the same form of CEF Hamiltonian, as given in (4). In Fig. S2 , one can observe the calculated CEF spectra for both Tb 3+ ion sites against the background corrected inelastic neutron scattering data collected with incident neutron energies of 3.32 meV (CNCS), 11 meV and 60 meV (SEQUOIA). Furthermore, Fig. S3 shows the quality of fit of the CEF model to the Q-integrated inelastic scattering data over the full range of the CEF eigenvalues and Fig. S4 the excellent agreement between the magnetic susceptibility calculated from our CEF model and the magnetic susceptibility data measured for polycrystalline TbInO3. 
